ABBREVIATIONS
INTERPRETATION For dystonia reduction, ITB and DBS are possibly effective, whereas trihexyphenidyl was possibly ineffective. There is insufficient evidence to support oral medications or botulinum toxin to reduce dystonia. There is insufficient evidence for pharmacological and neurosurgical interventions to improve motor function, decrease pain, and ease caregiving. The majority of the pharmacological and neurosurgical management of dystonia in CP is based on clinical expert opinion.
Dystonia is 'a movement disorder in which involuntary sustained or intermittent muscle contractions cause twisting and repetitive movements, abnormal postures, or both'. [1] [2] [3] [4] Dyskinetic cerebral palsy (CP) is considered a common cause of dystonia in children and comprises 4% to 17% of all cases of CP, of which most are predominantly dystonic and others choreoathetotic. 5, 6 Dystonia is increasingly recognized as coexisting with spastic subtypes of CP, where it is referred to as 'mixed' tone. 7 Nevertheless, dystonia in childhood CP remains underdiagnosed. 8, 9 Dystonia may be associated with basal ganglia and cortical/subcortical lesions typically arising late in gestation or around birth.
postures that characterize dystonia can be painful, 8, 11, 13, 14 with dystonia identified as the second most common cause of moderate-to-severe pain in paediatric patients with CP. 15 In a study of secondary dystonia, defined as dystonia arising from an identified cause, of which 53% were classified as CP; caregivers perceived a worsening of dystonia over time in more than 50% of patients. 16 Dystonia can make caring for individuals with CP difficult, with challenges in dressing, feeding, and positioning. Musculoskeletal deformities were present in 50% of individuals with dystonia in CP by 5 years of age. 17 Clinical management goals for dystonia in CP involve reducing dystonia to maximize function, decrease pain, or enhance ease of caregiving. 18, 19 Management options include careful assessment and the initiation of goal-directed rehabilitation strategies, including physical or occupational therapy consultation; however, there is little evidence supporting these approaches. 20 Oral medications prescribed for individuals with dystonia in CP can include baclofen, benzodiazepines, clonidine, gabapentin, levodopa, trihexyphenidyl, and tetrabenazine. However, none is licensed for use in children and all are 'off label'. 19 , 21 An additional concern is the relatively high frequency of adverse drug reactions that result from using these medications. 22 Other available treatment options include botulinum toxin injections, intrathecal baclofen (ITB), and deep brain stimulation (DBS). The management of dystonia is complex and clinicians are currently challenged by a paucity of evidence or inconsistent evidence to inform management strategies. 18, 19 The area would benefit from building consensus similar to the strong work completed through the National Institute for Health and Care Excellence establishing a pathway for spasticity for children and young people. 23 Given the numerous options and complexity of managing dystonia in CP, the development of a care pathway integrating evidence and expert opinion would be useful in aiding clinicians in the clinical management of dystonia in CP. The American Academy of Cerebral Palsy and Developmental Medicine has defined a 'care pathway' as 'a practical summary, including an algorithm, of evidence informed guidelines or the best evidence, for an aspect of care/services for individuals with childhood-onset disabilities to inform clinical practice'. 24 The objective of this work was to systematically review the evidence for managing dystonia using pharmacological and/or neurosurgical interventions in individuals with CP, to inform this component of a Dystonia in CP American Academy of Cerebral Palsy and Developmental Medicine Care Pathway. In addition, the clinical context of the evidence was interpreted utilizing the international expertise of the clinician scientist author group (three paediatric neurologists, one developmental paediatrician, and one physiatrist all running large clinical hypertonia intervention programs including botulinum toxin, ITB, and DBS; and two physiotherapists with expertise in assessment and management of dystonia).
METHOD
This systematic review was carried out according to the American Academy of Neurology Clinical Practice Guideline Process Manual and the 2015 amendments to these guidelines, 25, 26 as well as the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist. 27 Criteria for literature search A research librarian guided the primary search strategy for pharmacological and/or neurosurgical interventions for dystonia in CP. The primary search was aimed at identifying intervention articles for dystonia in CP by using intervention-specific keywords with a combination of keyword variations of dystonia and CP. The searched interventions included oral baclofen, benzodiazepines (clonazepam, diazepam, lorazepam), clonidine, gabapentin, levodopa, trihexyphenidyl, botulinum toxin, ITB, and DBS. A sample of the search strategy can be found in Table I . The inclusion criteria were as follows: (1) English-language full-text studies; (2) a minimum of five participants; and (3) a minimum of 50% of the participants diagnosed with dystonia in CP. However, studies that had less than 50% of the sample diagnosed with dystonia in CP (with >5 participants) were included only if results were presented for this subsample (i.e. one could interpret the results for only those participants with dystonia in CP). Computer-assisted literature searches were completed for articles published from 1945 to December 2015. The databases used in the literature search included: Ovid MEDLINE, CINAHL, AMED, Cochrane Reviews, Embase, and EBM Reviews. Citations from relevant systematic reviews were also consulted for eligible studies to include in this review.
Data extraction and classification process
After the databases were searched and duplications were removed, each article was reviewed (JS, IW) and data were extracted and classified independently by two reviewers (LB, AM). If required, a third independent reviewer (LS) was consulted to resolve any discrepant classifications. The extracted data included the study design, outcome measures, number, diagnoses, ages of participants, details of the studied intervention, results, and reported adverse events. After the first stage of classifications, the articles were reviewed again by an international expert panel comprised of two developmental paediatricians (DF, JR), three paediatric neurologists (J-PL, JWM, KH), and two paediatric physical therapists (EM, AH).
What this paper adds
• Intrathecal baclofen and deep brain stimulation are possibly effective in reducing dystonia.
• Current evidence does not support effectiveness of oral medications or botulinum toxin to reduce dystonia.
• Evidence is inadequate for pharmacological/neurosurgical interventions impact on improving motor function, pain/comfort, and easing caregiving.
• The majority of the care pathway rests on expert opinion.
The articles were categorized into four hierarchical classes of evidence as outlined by the American Academy of Neurology. 25, 26 To summarize, randomized controlled clinical trials and crossover studies that examined period and carryover effects were classified as class I. Beyond the American Academy of Neurology guidelines, we required a class I study to have a sample size of more than 20 participants. A study was designated class II if it lacked one criteria from class I or was a prospective cohort study. Controlled studies with objective outcomes were class III. Any articles that did not meet these criteria were considered class IV. Outcome measures from each article were grouped into four categories: (1) dystonia reduction; (2) improved motor function; (3) decreased pain/improved comfort; (4) improved ease of caregiving. When studies did not account for analysing multiple secondary outcomes, Bonferroni corrections were applied to determine overall statistical significance.
Within each of these four categories, recommendation levels were assessed as per American Academy of Neurology guidelines. 25, 26 To summarize, a level A recommendation (effective or ineffective) required at least two consistent class I studies. Level B (probably effective or ineffective) required one class I study or at least two consistent class II studies. Level C (possibly effective or ineffective) required one class II study or at least two consistent class III studies. Level U indicates inadequate or conflicting data based on studies that did not satisfy class I to III requirements or included conflicting results. These recommendations were used to classify the level of evidence for the pharmacological and neurosurgical management of dystonia in CP.
RESULTS
A total of 1414 abstracts were initially identified through the search process. Of these, 203 were eliminated as duplications and 1211 articles were included for title and abstract review. In total, 798 articles were excluded after title and abstract review, leaving 413 articles to undergo full-text review. Twenty-eight articles fulfilled all the inclusion criteria and underwent data extraction (Fig. 1) . The measures used to evaluate each outcome are summarized in Table II . There was one levodopa (Table SI, online supporting information), five trihexyphenidyl (Table SII, online supporting information), three botulinum toxin (Table SIII, online supporting information), six ITB (Table IV , online supporting information), and 13 DBS (Table SV, Table III .
DISCUSSION
The clinical management of dystonia in CP is important as dystonia impairs motor function, causes pain, reduces daily activities, and makes caregiving challenging. The overall objective was to systematically review the evidence of pharmacological and neurosurgical interventions for the management of dystonia in CP. The majority of existing evidence focused on dystonia reduction as a primary outcome, with fewer studies evaluating the impact of pharmacological and neurosurgical dystonia interventions to improve motor function, reduce pain, and/or improve ease of caregiving. This is in contrast to what families have identified matters the most in terms of their priorities for clinical intervention, as described by a study of 273 caregivers of children with dystonia where pain (38%), difficulties in care-giving (24%), difficulty with hand use (22%), and seating (15%) were identified most commonly as the main concerns/priorities. 28 The majority of the evidence in this review included children, adolescents, or young adults as the participants, with less available evidence on adults with CP. The sample sizes were generally small and studies seldom evaluated the long-term maintenance of effects. Overall, the results of this review identified a body of evidence that was limited, particularly for oral pharmacological management options Gamma-aminobutyric acid, gabapentin, pain, analgesics, gabapenti*, neuralgia, cyclohexanecarboxylic acids, neurontin, amines An asterisk indicates an abbreviated keyword, which allowed for a broadened search of any variation of this word.
for dystonia in CP. This is in line with a systematic review on oral pharmacological treatments for dyskinetic CP that included dystonia or athetoid CP. 29 Possibly effective (level C) evidence was identified for the neurosurgical options of ITB and DBS to reduce dystonia. Current evidence does not support the use of oral medications or botulinum toxin to effectively reduce dystonia. There is no evidence or inadequate evidence for pharmacological and neurosurgical interventions to improve motor function, decrease pain, and improve ease of caregiving.
In comparing the state of the evidence for pharmacological and neurosurgical interventions for dystonia in CP to systematic reviews done for other forms of dystonia (e.g. primary genetic dystonias, cervical dystonia, blepharospasm) there is strong evidence for the effectiveness of botulinum toxin to improve cervical dystonia (level A or B depending on the type of botulinum toxin used) and blepharospasm (level B or C depending on the type of botulinum toxin used). 30 In a systematic review of primary dystonias and 'dystonia plus syndromes', DBS was found to be a good option for generalized dystonia or cervical dystonia after medication or botulinum toxin had failed. 31 It was reported that the response of primary dystonias to DBS was greater than secondary dystonias. A recent metaanalysis of DBS for primary dystonias identified significant improvements in dystonia scores with better outcomes associated with younger age at DBS surgery, early DBS intervention, and more severe dystonia at baseline. 32 Similar to our findings, there was little evidence to support oral pharmacological interventions in these broader 'dystonia' diagnostic conditions, 31, 33, 34 with the exception of one systematic review identifying level A evidence for the use of trihexyphenidyl to reduce primary torsion dystonia. 35 Given the differing responses of individuals to interventions with primary and secondary dystonia, it is important to highlight that generating and interpreting evidence specifically for dystonia in CP is of paramount importance.
Further discussion of each pharmacological and neurosurgical intervention, chosen for review because of their common use in clinical practice, is described below; outlining the mechanism of action, the evidence base, and recommendations where indicated, followed by the potential clinical context of the intervention, including potential adverse effects. Discussion in the 'clinical context' subsections reflects the expert opinion of the authors where evidence is not available.
Oral baclofen
Baclofen is an agonist at c-aminobutyric acid (GABA) B receptors in the spinal cord and brain. GABA B receptors (10) • Wrong intervention (38) • Wrong study design (21) • Wrong patient population (27) Excluded 798 are metabotropic receptors linked via G proteins to voltage-sensitive potassium channels; activation of GABA B receptors results in inhibition. Oral baclofen is used commonly for the management of spasticity and primary dystonia. 36 However, it has not been studied systematically for the management of dystonia in CP. The search strategy yielded no studies of baclofen that met the inclusion criteria for managing dystonia in CP.
Recommendation
No recommendation can be made because no evidence is available.
Clinical context
Oral baclofen is commonly used in clinical practice by the clinical expert panel to manage dystonia in CP for generalized dystonia in CP causing pain or limiting activities. Oral baclofen is also used as a component of rescue treatment in the setting of acute baclofen pump failure. The chief adverse effects of baclofen are sedation, reduction of tone in axial muscles, urinary retention, and constipation. 37 In higher doses, it can lower the seizure threshold. If being used, titration of baclofen should be done slowly. Sudden withdrawal of baclofen can cause sustained muscle contraction leading to rhabdomyolysis with fever and mental status changes. Research evaluating the effectiveness of oral baclofen to manage dystonia in CP is clearly required.
Benzodiazepines
Benzodiazepines are a class of medications that act at the benzodiazepine receptor, which is linked to the GABA A receptor and potentiates the inhibitory postsynaptic action of GABA. Commonly used benzodiazepines include clonazepam, diazepam, and lorazepam. Specific benzodiazepines differ primarily in pharmacokinetics but not in their overall mechanism of action. Benzodiazepines are commonly used in the management of spasticity and for the management of seizures and anxiety. 38 They are also used by clinicians for management of dystonia; however, the search strategy revealed no studies of benzodiazepines for the management of dystonia in CP that met the inclusion criteria.
Recommendation
Clinical context
Benzodiazepines are used in clinical practice by our clinical expert panel in the management of status dystonicus or dystonic storms, 12 including those related to acute failure of the baclofen pump or DBS and for short-term management of dystonia. The chief adverse effect is sedation, and in higher doses benzodiazepines depress respiratory drive. 39 Titration of benzodiazepines should be done gradually. Benzodiazepines demonstrate tachyphylaxis and tolerance such that increasing doses are often needed to provide sustained clinical benefit over time. Agitation before the next dose is frequently encountered with chronic benzodiazepine use. Sudden withdrawal of benzodiazepines can cause seizures, anxiety, dystonic storm, or a combination of both. Research is required to clarify the effectiveness and adverse effects including cognitive impact of benzodiazepines for dystonia in CP.
Clonidine
Clonidine is an a-adrenergic agonist. The use of clonidine in individuals with movement disorders has been largely directed towards tics, 40, 41 but it is more commonly used for attention-deficit-hyperactivity disorder and disordered sleep management. 40 Lack of respiratory-depressant effects has favoured the use of clonidine sedation in intensive-care and high-dependency unit settings in individuals recovering from acute respiratory disorders and postoperative recovery form cardiopulmonary bypass procedures. In these circumstances, clonidine has largely replaced midazolam and morphine infusions to allow for swifter weaning from ventilation, as well as rapid weaning of clonidine where required. 42 Inadequate sedation in intensive-care/highdependency units often results in extremely distressed individuals with extensor posturing and undirected thrashing of limbs reminiscent of acute dystonic crises. This has led to the increasing popularity of clonidine for severe dystonia, as graded by the Dystonia Severity Assessment Plan, 43 where, typically, the individual cannot tolerate sitting or sleep at night, or is decompensating towards frank status dystonicus. The search strategy revealed no studies of clonidine for the management of dystonia in CP.
Recommendation
Clinical context
Clonidine is increasingly being considered in clinical practice for severe dystonia management in dystonic storms or disturbed sleep, alone or in combination with other medications in the outpatient or acute inpatient settings respectively. 44, 45 However, clonidine is not yet routinely used by the majority of the clinical expert panel. Potential side effects include bradycardia, sedation, and hypotension. 46 More evidence for the efficacy and side effects of clonidine for dystonia are required, particularly opioid and benzodiazepine-sparing effects.
Gabapentin
Gabapentin, an analogue of GABA, was originally designed to be used as an anticonvulsant but gained popularity for reducing neuropathic pain. 47 The search strategy yielded no studies for the use of gabapentin for managing dystonia in individuals with CP. Despite this, it is increasingly being used in this population. A recent retrospective observational study analysed the use of gabapentin for severe dystonia as measured by the Dystonia Severity Assessment Plan in 69 children, 25 of whom had CP. 48 There was a significant decrease in the severity of dystonia and significant improvements were seen in sleep quality, sleep amount, mood and agreeableness, pain, general muscle tone, involuntary muscle contractions, and seating tolerance (p<0.01 in all areas). The study did not qualify for this review because less than 50% of participants had CP and the results of the CP group were not reported separately.
Recommendation
Clinical context
Gabapentin is increasingly used in clinical practice by the expert clinical panel in dystonia in CP associated with pain. Generally there are few side effects, but it can cause somnolence (21% in drug vs 5% in placebo) and emotional lability (6% in drug vs 1.3% in placebo). 49 Stronger evidence for the effectiveness of gabapentin in dystonia in CP is needed.
Levodopa
Levodopa is a dopamine precursor that crosses the bloodbrain barrier to produce central dopaminergic effects. It is typically administered with a dopa decarboxylase inhibitor to enhance the central effect and reduce unwanted peripheral side effects. Its signature use is in the treatment of dopa-responsive dystonia, which has led to interest in using it for secondary dystonia such as CP. 19 There is no evidence that individuals with dystonia in CP have a deficiency in dopaminergic transmission within the basal ganglia, unlike other disorders. This review identified a single randomized controlled trial with nine participants who did not achieve a significant change in upper extremity skills. 50 This corresponds with a level C (possibly ineffective) recommendation for improvement in motor function, with other domains (reduction in dystonia, improved pain/comfort, and ease of caregiving) not assessed.
Recommendation
Clinicians may choose not to prescribe levodopa to improve motor function in dystonia in CP (level C). There is insufficient evidence to make a recommendation on levodopa's effectiveness in reducing dystonia, decreasing pain, or easing caregiving.
Clinical context
There is widespread clinical use of levodopa when there is a high suspicion that an individual has dopa-responsive dystonia as part of a diagnostic evaluation. However, the clinical expert panel does not use levodopa for routine use to reduce dystonia in CP owing to lack of perceived effectiveness. 51 Side effects can include somnolence, nausea, dyskinesias, and hallucinations. 52 Further research evaluating levodopa's role in the management of dystonia in CP is required.
Trihexyphenidyl
Trihexyphenidyl is a muscarinic receptor antagonist that acts on receptors throughout the body, including the central nervous system, to produce an anticholinergic effect. The direct mechanism of its effect in the central nervous system is unknown; however, it is postulated that rebalancing of cholinergic to dopaminergic interneuronal drive in the basal ganglia and associated structures leads to a reduction of dystonia. 53 Evidence for the effect of trihexyphenidyl on dystonia in this review is limited, with two studies using prospective or randomized controlled methods in a total of 42 study subjects. There is a level C (possibly ineffective) recommendation for reduction of dystonia, improvement in motor function, and ease of caregiving, and inadequate data for improved pain/comfort when using trihexyphenidyl in individuals with dystonia in CP. However, improvement in drooling was recorded in one of the two studies. 54 
Recommendation
Clinicians may choose not to prescribe trihexyphenidyl as it is possibly ineffective in reducing dystonia, improving motor function, and easing caregiving in dystonia in CP (level C). There was insufficient evidence to make a recommendation on trihexyphenidyl's effectiveness in improving pain and comfort.
Clinical context
Trihexyphenidyl is widely used in managing dystonia in CP in clinical practice by the clinical expert panel despite the limitations in the current evidence. Side effects related to general anticholinergic effects, such as constipation, blurred vision, dry mouth, and behavioural changes, are common and gradual dose escalation is important in reducing the likelihood of these adverse effects. 54, 55 Additional research evaluating the role of trihexyphenidyl, including an assessment on the impact on cognitive function, in the management of dystonia in CP is required.
Botulinum toxin
Botulinum toxin temporarily inhibits the release of acetylcholine at the neuromuscular junction creating a focal chemodenervation at the injection sites. The flow of impulses is reduced, enabling the muscle to relax. This effect can be seen both in spastic and dystonic muscle. Despite frequent clinical use, there are few studies describing the effects of botulinum toxin in dystonia in CP. In the present review, there was inadequate data to support an effect on reducing dystonia, although a prospective study, with the less often used botulinum toxin type B, showed some support for reduction of dystonia. 56 This study also showed improvements in motor function in an arm-reaching task after injection of botulinum toxin in the elbow flexors. While some limited evidence showed some support for botulinum toxin in reducing pain and easing caregiving, 57 ultimately more research is necessary to show efficacy of botulinum toxin in reducing dystonia and improving pain/comfort and caregiving (level U).
Recommendation
No recommendation can be made because of insufficient evidence.
Clinical context
Botulinum toxin is a focal and reversible management that is commonly used in clinical practice and by the clinical expert team for treating focal and segmental dystonia. Potential adverse events are estimated to occur for less than 10% of post botulinum toxin injections in children with CP and include local or systemic weakness, 58 incontinence, dysphagia, or lower respiratory tract infections. As there is a risk of disturbing the balance over a joint with botulinum toxin, the clinical expert group often inject both flexors and extensors at a single-joint level. Further studies are warranted to gather information about the best use of botulinum toxin in dystonia in CP.
Intrathecal baclofen
ITB acts as an inhibitory GABA B agonist to decrease descending excitatory impulses. ITB reduces spasticity by binding to GABA B receptors in the dorsal spinal cord. However, for dystonia, it may also work at a central level with the exact mechanism still to be determined. The intrathecal versus oral administration facilitates higher baclofen cerebrospinal fluid levels as it bypasses the bloodbrain barrier. In this review, there is level C (possibly effective) evidence for ITB in reducing dystonia. All studies showed an improvement in dystonia but one, 59 which provided a small dose of ITB as a single bolus. Two of the studies demonstrated persisting dystonia reduction over 12 to 24 months, 60, 61 with evidence for enhanced dystonia reduction with a high catheter tip placement. There was inadequate data for ITB in improving motor control, improving pain/comfort, and easing caregiving.
Recommendation
Clinicians may choose ITB for dystonia reduction in individuals with CP with severe generalized dystonia (level C). There was insufficient evidence to make a recommendation for its use to improve motor control, relieve pain, or ease caregiving.
Clinical context
ITB is used in clinical practice by the clinical expert panel for consideration in the management of generalized dystonia not well controlled with oral medications and/or when dystonia creates challenges in pain/comfort or caregiving.
Side effects in the largest study of 86 individuals were found in 26% with constipation being the most common followed by decreased head control and drowsiness. 61 Surgical complications occurred in 38% with cerebrospinal fluid leaks, catheter problems, and infections reported. Further studies are required to evaluate the choice of ITB versus DBS in individuals with CP and severe generalized dystonia, although ITB is often considered over DBS in the presence of severe hypertonia where the tonal patterns are mixed with the presence of both dystonia and spasticity.
Deep brain stimulation
DBS neuromodulation of monogenetic dystonias represents a major advance in the management of these complex disorders. 62 DBS for 'secondary dystonias' of childhood and, in particular, dystonic CP, the major cause of dystonia in childhood, have consequently been of great clinical interest. This search identified 13 DBS studies, of which 12 of 13 were class III studies. Reduction of dystonia was reported in six of 12 class III studies, [63] [64] [65] [66] [67] [68] whereas four of 12 failed to demonstrate dystonia reduction, [69] [70] [71] [72] with one of these four negative studies evaluating adults only, 72 thus indicating that DBS could be possibly effective (level C) in reducing dystonia in CP. Evidence for DBS in improving motor function was conflicting. Three of 12 class III studies provided support, 64, 66, 68 whereas four of 12 class III studies showed no support for DBS improving motor function, 63, 67, 70, 72 and one class III study identified mixed results with improvement in upper extremity motor function in the non-dominant hand but no change in the dominant hand. 73 Therefore, there was inadequate data to support improvement in motor function in dystonic CP. Reduction in pain or improvement in comfort was reported in two class III studies, 64, 74 but two other class III studies failed to show a convincing reduction in pain, 66, 70 so the evidence remains inadequate (level U). Only one class III study reported an improvement in ease of caregiving. 74 
Recommendation
Clinicians may choose DBS for dystonia reduction in individuals with CP who have severe generalized dystonia (level C). There was insufficient evidence to make a recommendation for its use in improving motor control, relieving pain, or easing caregiving.
Clinical context
DBS is used in clinical practice by the expert clinical panel for consideration in the management of generalized dystonia not well controlled with oral medications and/or when dystonia creates challenges in pain/comfort or caregiving. A recent evaluation of complications after DBS in 129 children in the UK over 3.3 years has shown an infection rate of approximately 10% across all age groups; however, it is lower (4.7%) in children younger than 7 years old implanted with rechargeable neurostimulators. Other side effects include electrode complications (18.4%) and the battery switching off unexpectedly (18.7%). 75 These sparse data, including a recent meta-analysis of DBS in CP, 76 nevertheless indicate that DBS neuromodulation could be beneficial for dystonic CP, but it must be emphasized that more studies, with larger numbers of cases with a more homogeneous age at DBS surgery and improved selection criteria, are needed to capture information relating to dystonia severity, pain, motor function, and caregiver burden, rather than focusing on dystonia reduction alone. 21, 62, 77, 78 Studying the early provision of DBS in dystonic CP at a time when 'critical' and 'sensitive' windows for cerebral plasticity are still open may resolve the issue of whether better dystonia reduction, as well as better motor function and reduction in musculoskeletal deformity, can be achieved. 79 
Limitations
In addition to the under-recognition of dystonia in CP, particularly when it coexists with spasticity, this review was also limited owing to the difficulty in varied nomenclature of dystonia in CP over time (e.g. choreoathetotic, dyskinetic, extrapyramidal). It is possible that relevant literature that employed different terminology was not included. Additionally, the search may have been affected by the restriction to English-language studies. Owing to the heterogeneity of the studies with respect to outcomes and variation in reporting statistical results, we did not formally test for publication bias using tests such as funnel plots but expect that the possibility of a 'positive finding' publication bias may exist. However, these findings are broadly similar to a systematic review of the evidence supporting the management of acquired dystonia. 33 One treatment gaining popularity is the use of medical marijuana or cannabis. 80 However, via a systematic search, there is currently no specific evidence to support its use in dystonia in CP. Given the variability of international policies around this option, marijuana was not included in this evidence review.
CONCLUSION
In summary, a systematic review of the evidence for pharmacological and neurosurgical interventions for dystonia in CP has found that ITB and DBS are possibly effective (level C) in reducing dystonia. Current evidence does not support the effectiveness of oral medications or botulinum toxin in reducing dystonia and the use of these interventions is based on clinical expert opinion. There is generally inadequate evidence to evaluate the pharmacological and neurosurgical interventions' impact on motor function, pain relief, or ease of caregiving, as well as evidence guiding the sequencing or combining of therapies. The majority of the clinical use of these pharmacological and neurosurgical interventions rests on expert opinion with current evidence falling short in its ability to guide decision-making and practice. More research involving larger sample sizes and stronger study designs is required to fully inform the pharmacological and neurosurgical aspects of a care pathway and improve the effectiveness of dystonia management in CP.
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